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I. INTRODUCTION 
I n  r e c e n t  e x p e r i m e n t s  a t  t h e  Oak R idge  Na t iona l  Labora to ry ,  g ros s  
c o r r o s i o n  of u n a l l o y e d  t a n t a l u m  t h e r m o c o u p l e  t u b e  s h e a t h s  b y  NaK h a s  
been   no ted") .   The   a t tack ,   which   pene t ra ted   the  7 - m i l  t h i c k   t a n t a l u m  
t u b e  w a l l  i n  less t h a n  f i v e  h o u r s  a t  a t empera tu re  of 500 t o  600°F, 
h a s  b e e n  t e n t a t i v e l y  a t t r i b u t e d  t o  oxygen contaminat ion oE t h e  t u b e  
w a l l  w h i l e  m a k i n g  t h e  e n d  c l o s u r e  w e l d m e n t s ,  O t h e r  i n ~ e s t i g a t o r s ( ~ ' ~ )  
who h a v e  e v a l u a t e d  t h e  c o m p a t i b i l i t y  of r e f r a c t o r y  m e t a l  a l l o y s  i n  
po ta s s ium and  sod ium have  conc luded  tha t  t he  add i t ion  o f  s t rong  ox ide  
forming  e lements  t o  t h e  r e f r a c t o r y  metal ha% a b e n e f i c i a l  e f f e c t  o n  
t h e  c o m p a t i b i l i t y  of t h e  a l l o y  w i t h  t h e  a l k a l i  m e t a l s .  A l t h o u g h  p u r e  
t a n t a l u m  h a s  e x c e l l e n t  r e s i s t a n c e  t o  a t t a c k  a t  e l e v a t e d  t e m p e r a t u r e s  
by h igh -pur i ty  po ta s s ium,  i t s  corrosion r e s i s t a n c e  i s  d r a s t i c a l l y  
reduced by sma l l  amoun t s  o f  oxygen  impur i ty  in  the  t an ta lum o r  t h e  
potassium . (4)  
S i n c e  t h e  NaK i n  t h e  t h e r m a l  bond annulus  of  the SNAP-8 b o i l e r  i s  
i n  c o n t a c t  w i t h  both  tan ta lum tubing  and  weldments ,  i t  was impor t an t  t o  
d e t e r m i n e  t h e  e I f e c t  o f  t h e  o x y g e n  c o n c e n t r a t i o n  o f  t a n t a l u m  o n  i t s  
c o r r o s i o n  r e s i s t a n c e  t o  NaK. Tantalum  specimens  with  homogeneous  oxygen 
concen t r a t ions  r ang ing  f rom 50-500 ppm were p repa red  by con tamina t ion  
a t  low p res su re  and  subsequen t ly  exposed  t o  NaK a t  1350°F € o r  1000 hours  
t o  d e t e r m i n e  t h e  t h r e s h o l d  o x y g e n  c o n c e n t r a t i o n  f o r  c o r r o s i o n .  A d d i t i o n a l  
contaminated and uncontaminated specimens were welded i n  p u r e  h e l i u m  
a n d  h e l i u m  c o n t a m i n a t e d  w i t h  a i r  t o  e v a l u a t e  t h e  c o m b i n e d  e f f e c t s  of 
we ld ing ,  we ld ing  gas  pu r i ty ,  and  p re -we ld  oxygen  concen t r a t ion  of t h e  
t a n t a l u m  o n  t h e  c o r r o s i o n  r e s i s t a n c e  o f  t h e  t a n t a l u m  t o  NaK.  Some 
specimens were a l s o  e x p o s e d  a t  1 2 0 0 ° F  f o r  100 h o u r s  t o  d e t e r m i n e  t h e  
e f f e c t s  of tempera ture  and  time on c o r r o s i o n .  
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11. SUMMARY 
1. Tanta lum  spec imens   wi th   oxygen   concent ra t ions  of 270 ppm or g r e a t e r  
were a t t a c k e d  by NaK a t  1200'F  and  1350OF. 
2 .  Welding   contaminated   tan ta lum  spec imens   changed   the   morphology of 
t h e  NaK c o r r o s i o n .  
3. Weld ing   con tamina ted   t an t a lum  spec imens   y i e lded   we ld   nugge t s  
having lower o x y g e n   c o n c e n t r a t i o n   t h a n   t h e   p a r e n t   s h e e t .  Greater 
oxygen reduct ions  were observed when the  spec imens  were welded i n  p u r e  
he l ium than  in  he l ium con ta in ing  250  ppm a i r .  
4 .  W e l d i n g   t a n t a l u m   s p e c i m e n s   i n   h e l i u m   c o n t a i n i n g   u p   t o  250 ppm a i r  
had no  o b s e r v e d  e f f e c t  on t h e i r  c o r r o s i o n  r e s i s t a n c e  t o  N a K .  
5 .  Reduct ion of t h e   o x y g e n   c o n c e n t r a t i o n  of t an t a lum  spec imens   occu r red  
d u r i n g  NaK exposure ,   whether   the   spec imens  were attacked o r  n o t .  The 
oxygen reduct ions noted were h i g h e r  a t  1350'F than at  1200'F.  
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111. MATERIALS  PROCUREMENT 
T a n t a l u m  0 . 0 4 0 - i n c h  t h i c k  s h e e t  f o r  specimens and 1- inch OD x 0.100- 
i n c h  t h i c k  wall  t u b e  f o r  c a p s u l e s  were o b t a i n e d  from Na t iona l  Resea rch  
C o r p o r a t i o n ,  Newton, idass .  Both l o t s  of material  were r e c r y s t a l l i z e d  
w i t h  a g r a i n  s i z e  of ASTM-7. The   chemica l   ana lyses  shown i n  T a b l e  I 
were w i t h i n  t h e  s p e c i f i c a t i o n s ,  NSP s p e c i f i c a t i o n   n o .  01-0074-00-A f o r  
t h e  t u b e  a n d  ASTM 364-62T ( w i t h  less t h a n  1 0  ppm h y d r o g e n )  f o r  t h e  s h e e t .  
I V .  SPECIMEN  PREPARATION 
Oxygen contaminated  tan ta lum spec imens  were p r e p a r e d  i n  t h e  2 4 - i n c h  
d i ame te r  by 54- inch  h igh  Var ian  h igh  vacuum sys tem shown i n  F i g u r e  1. 
The 0 .040- inch  th i ck  spec imens  measu r ing  1 - inch  wide  x 22-inch long 
were hea ted  by d i r e c t  r e s i s t a n c e ,  a n d  t h e  t e m p e r a t u r e  was moni tored  
w i t h  W-3Re/W-25Re thermocouples .  A schemat i c  of t h e  tes t  s e t - u p  i s  
shown i n  F i g u r e  2 .  The  chamber was i n i t i a l l y  e v a c u a t e d  by means  of a 
260 l i ter /sec tu rbomolecu la r  pump. Fol lowing   bakeout   o f   the   sys tem,  
a c o l d  wa l l  p re s su re   o f  1 .5  x 10 t o r r  was a c h i e v e d .  The  specimens 
were h e a t e d  t o  2400'F  and  held a t  a 1 x 10 t o r r   p r e s s u r e   m a i n t a i n e d  
by means  of an   oxygen   l eak .   The   oxygen   pa r t i a l   p re s su res   du r ing   each  
run  were de te rmined  by means of t h e  GE p a r t i a l  p r e s s u r e  g a s  a n a l y z e r  
shown i n   F i g u r e  1. S p e c i m e n s   c o n t a i n i n g   f o u r   c o n c e n t r a t i o n   l e v e l s   o f  
oxygen as shown i n  T a b l e  I1 were p r e p a r e d  i n  t h i s  m a n n e r .  
-9 
-6 
Oxygen contaminated  tan ta lum spec imens  and  pure  tan ta lum spec imens  
were we lded  in  pu re  he l ium,  he l ium con ta in ing  50 ppm a i r ,  and  hel ium 
c o n t a i n i n g  250 pprn a i r  r e s p e c t i v e l y .  The  weld,ing w a s  performed by 
t h e  a u t o m a t i c  TIG p r o c e s s  i n  t h e  vacuum purge  iner t  gas  weld ing  chamber  
shown i n  F i g u r e  3. A c o m p l e t e   p e n e t r a t i o n   f u s i o n   p a s s  w a s  made on 
each   spec imen .  The  chamber w a s  evacua ted  t o  less t h a n  8 x 10 torr  
p r i o r  t o  b a c k f i l l i n g  w i t h  p u r i f i e d  h e l i u m  c o n t a i n i n g  1 ppm oxygen. 
-6 
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TABLE I. CHEMICAL ~ALYSIS'~) OF A S - ~ C E I ~ D  
TANTALUM  MATERIALS 
Element 
B 
A1 
Cr 
cu 
Hf 
Fe 
V 
Zr 
Sn 
M 0 
Nb 
Pb 
Ni 
hln 
Si 
M g 
Ti 
co 
W 
Concentration, ppm 
Tube (b) Shee t (C) 
<1 
<lo 
<1 
<1 
<50 
15 
<5 
<50 
<1 
<10 
<2 5 
<1 
11 
<1 
15 
<1 
<5 
<5 
<4 0 
<2 5 
58 
12 
1 
36 
<1 
<lo 
<1 
<1 
<50 
8 
<5 
<50 
<1 
<10 
25 
<1 
4 
<1 
12 
/1 
<5 
<5 
(40 
<2 5 
55 
47 
1 
24 
- ~ ""_ 
(a) Vendors  Spectrographic  analysis,  except  as  designated 
(b) MCN-09-038-(1-20), 1-inch OD x 0.100-inch  thick  wall 
(c) MCN-09-036-(1-4) , 0.040-inch  thick 
(d) Vacuum F'usion, NSP 
(e) Combustion  Conductometric,  NSP 
Figure 1.  High Vacuum System (l0-l' Torr Range) Used for the  Contamina- 
t i o n  of Tantalum Specimens. The  Chamber is 24  Inches i n  
Diameter and 54 Inches High and Incorporates a 1000 Liter/Sec 
Getter-Ion Pump.  The Oxygen Partial   Pressure is Controlled 
by a Variable Leak. (Orig. C66080914) 
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Figure 2. Schematic  Diagram of the High Vacuum  Chamber  and  Components 
Used  for  Contaminating  Tantalum  Specimens. 
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TABLE: I I.  OXYGEN CONTAMINATION  OF  PURE TANTALUM 
AT 2400'F I N  A 1 x lom6 TORR PRESSURE 
MAINTAINED BY AN  OXYGEN LEAK 
OXYGEN CONCENTRATION, ppm 
OXYGEN PARTIAL  EXPOSURE  TIME, I N  TANTALUM 
PRESSURE,  TORR  HOURS  PICKUP  TOTAL 
5.2 x 7 51 115 
5.8 x 11 145 220 
4.8 x 21 220 270 
5.2 x 10"' 39 445 520 
_ _ _ _ _ ~ ~  ~ 
Average   con tamina t ion   r a t e  5.4 mg c m  s e c   t o r r  -2 -1 -1 
8 
F i g u r e  3. Vacuum Purge Inert Gas Welding  Chamber.  (Orig.  C64102070) 
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The helium was p u r i f i e d  by p a s s i n g  t h r o u g h  a t w o - s t a g e  p u r i f i c a t i o n  t r a i n .  
S tage   one   conta ined  a molecular s i e v e  d r y e r  f o r  m o i s t u r e  r e m o v a l .  S t a g e  
t w o  c o n t a i n e d  t i t a n i u m  t u r n i n g s  h e a t e d  t o  1460°F for  removal  of  oxygen  
a n d   n i t r o g e n .   T h e   w e l d i n g   c h a m b e r   p u r i f i c a t i o n   a n d   a n a l y s i s   s y s t e m  is 
d e s c r i b e d  i n  d e t a i l  i n  a t o p i c a l  r e p o r t  (5). The a i r  contaminated  
weld ing  a tmospheres  were p roduced  in t roduc ing  a measured  amount  of a i r .  
The c o n t a m i n a t i o n  l e v e l  was t h e n  v e r i f i e d  w i t h  t h e  m a s s  s p e c t r o m e t e r  
a n a l y s i s  s y s t e m .  
V. CAPSULE  ASSEMBLY 
The  spec imens  for  exposure  t o  N a K  were suspended from a t an ta lum 
wire h o l d e r  i n  a t a n t a l u m  c a p s u l e ,  shown i n  F i g u r e  4 .  A maximum of 
e igh t  spec imens  were p l a c e d  i n  e a c h  c a p s u l e  i n d i v i d u a l l y  s e p a r a t e d  
f r o m  e a c h  o t h e r  w i t h  t a n t a l u m  wire s p a c e r s  t o  a l l o w  f r e e  a c c e s s  t o  
t h e  N a K  on a l l  s u r f a c e s .  The  weight   of   each  specimen  was  recorded 
b e f o r e  c a p s u l e  a s s e m b l y  f o r  c o m p a r i s o n  w i t h  p o s t t e s t  r e s u l t s .  
VI. 
The c a p s u l e s  were f i l l e d  
CAPSULE FILLING 
w i t h  NaK(a) i n  t h e  e l e c t r o n  beam weld ing  
chamber,  shown i n   F i g u r e  5, a t  a p r e s s u r e  of 2 .5  x 10 t o r r .  
-5 
A similar c a p s u l e  f i l l i n g  s e t - u p  t o  t h a t  employed i s  shown i n  
F igu re  6 .  A f t e r  f i l l i n g  w i t h  N a K ,  e a c h  c a p s u l e  was r o t a t e d  u n d e r  a 
manipulator   which  was  used t o  p o s i t i o n  t h e  c a p s u l e  c a p .  The man ipu la to r  
p e n e t r a t e s  t h e  c h a m b e r  t h r o u g h  a s l i d i n g  O - r i n g  seal i n  a Var i an  Con- 
F l a t  f l a n g e .  The c a p s u l e s  were p o s i t i o n e d   u n d e r   t h e  EB welding  gun 
by means of a f l e x i b l e  c a b l e  i n  c o n j u n c t i o n  w i t h  t h e  t a b l e  d r i v e .  The 
g e a r  on  each  capsu le  was t h u s  a d j u s t e d  t o  mesh w i t h  t h e  w e l d i n g  d r i v e  
g e a r  s u c h  t h a t  t h e  c a p s u l e  c o u l d  b e  r o t a t e d  a r o u n d  i t s  a x i s  d u r i n g  
w e l d i n g .  T h i s  g e a r  i s  c o n t r o l l e d  by a va r i ab le   speed   mo to r   wh ich   can  
be a d j u s t e d  t o  o b t a i n  t h e  opt imum  weld ing   speed .   Copper   ch i l l   b locks  
"~""""""""""" 
(a) 22Na-78K, (we igh t   pe rcen t ) .  
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Specimens 
Tantalum 
wire 
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F i g u r e  5 .  30KV E l e c t r o n  Beam Welding  Chamber  and  Controls  Used  to F i l l  
Corros ion   Capsules  with A l k a l i  Metals. (Orig.  C64121619) 
1 2  
F i g u r e  6. I n t e r n a l  V i e w  of F a c i l i t y  Showing t h e  Components  Required t o  
F i l l   C a p s u l e s   w i t h   A l k a l i  Metals. (Orig.  C64121620) 
were f i t t e d  t o  e a c h  c a p s u l e  t o  r e d u c e  t h e  h e a t  c o n d u c t i o n  a l o n g  t h e  
c a p s u l e s  d u r i n g  w e l d i n g  a n d  t h e r e b y  r e d u c i n g  t h e  v a p o r i z a t i o n  of t h e  
NaK d u r i n g  w e l d i n g .  
A f t e r  s e a l i n g  t h e  c a p s u l e s ,  a sample of N a K  was t aken  and  subsequen t ly  
ana lyzed  by the mercury amalgamation method; a 1 0  ppm oxygen concent ra t ion  
w a s  found.  The  tan ta lum capsules  were sealed under  vacuum i n  t h e  e l e c t r o n  
beam chamber i n s i d e  s t a i n l e s s  steel  t u b u l a r  c o n t a i n e r s  t o  p r o t e c t  t h e  
t a n t a l u m  f r o m  o x i d a t i o n  d u r i n g  t e s t i n g .  
V I I .  TEST FACILITY 
The c a p s u l e s  were h e a t e d  i n  t h e  test f a c i l i t y  shown i n  F i g u r e  7 .  
Each capsule  was h e a t e d  by 1340-watt  nichrome-wound resis tance elements  
c o n t r o l l e d  w i t h  G e n e r a l  Electric Volt-Pac 9H60 v a r i a b l e  t r a n s f o r m e r s .  
The t empera tu re  of t h e  c a p s u l e s  was monitored with chromel-alumel  
t h e r m o c o u p l e s   a t t a c h e d   t o   t h e   c a p s u l e  wall ( t w o   p e r   c a p s u l e ) .  Tempera- 
t u r e  d a t a  was r e c o r d e d  c o n t i n u o u s l y  o n  a n  8 - p o i n t  r e c o r d e r .  
V I  I I . POSTTEST EVALUATION 
A t o t a l  of t w e n t y - e i g h t  t a n t a l u m  s p e c i m e n s ,  a s  l i s t e d  i n  T a b l e  111, 
were exposed t o  N a K  i n  t a n t a l u m  c a p s u l e s .  The  specimens were removed 
f r o m  t h e  c a p s u l e s  i n  a he l ium envi ronment  and  c leaned  of  res idua l  N a K  
by r e a c t i o n  w i t h  l i q u i d  ammonia.  The e f f e c t s  of t h e  e x p o s u r e  t o  NaK 
were e v a l u a t e d  by weight  change  measurements,   bend tests, m e t a l l o g r a p h i c  
examina t ion ,   mic roha rdness   measu remen t s ,   and   chemica l   ana lys i s .  
A.  Weight  Change  Measurements 
The c l eaned  t an ta lum spec imens  were weighed a f t e r  e x p o s u r e  t o  N a K  
f o r  1 0 0 0  h o u r s  a t  1350°F,  and  the  weights  compared  wi th  the  pretest 
we igh t s .  A l l  spec imens   l o s t   we igh t  as c a n  b e  s e e n  i n  t h e  r e s u l t s  
p r e s e n t e d  i n  T a b l e  111. The r e s u l t s  a l s o  i n d i c a t e  t h e  h i g h e r  t h e  
i n i t i a l  oxygen  concen t r a t ion  of t h e  t a n t a l u m  s p e c i m e n s ,  t h e  g r e a t e r  
t h e   w e i g h t   l o s s .   S i m i l a r   w e i g h t   l o s s e s  were found  for   welded   and  
unwelded specimens of similar oxygen  concen t r a t ion .  
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Figure 7 .  Test Facility  for  Isothermal  Corrosion  Capsule Tests. 
f0r ig .  C64121039) 
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TABLE 111. CORROSION OF OXYGEN CONTAMINATED 
TANTALUM  SPECIMENS  EXPOSED TO NaK 
I N  TANTALUM  CAPSULES 
I 
Specimen 
Condi t ion  
As-Received 
As-Received 
As-Received 
As-Received 
As-Received 
As-Received 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contamim  ted 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen Contaminated 
Oxygen 
Concent r a t   i o n ,  ppm 
55 
55 
55 
55 
55 
55 
115 
115 
115 
115 
115 
115 
220 
220 
220 
220 
270 
270 
270 
270 
270 
270 
520 
520 
520 
520 
520 
520 
Welding 
Atmosphere 
Not  Welded 
He 
He + 50 ppm A i r  
He + 50 ppm A i r  
He + 250 ppm A i r  
He + 250 ppm A i r  
Not  Welded 
He 
He + 50 ppm Air 
He + 50 ppm A i r  
He + 250 ppm A i r  
He  + 250 ppm A i r  
Not  Welded 
He 
He + 50 ppm A i r  
He + 250 ppm A i r  
Not  Welded 
He 
He + 50 ppm A i r  
He + 50 ppm A i r  
He + 250 ppm A i r  
He + 250 ppm A i r  
Not Welded 
He 
He + 50 ppm Air 
He + 50 ppm A i r  
He + 250 ppm A i r  
He + 250 ppm A i r  
NaK Exposure 
Temperature,  O F  Time, Hrs 
1350 1000 
1350 1000 
1200 100 
1350 1000 
1200 100 
1350 1000 
1350 1000 
1350 1000 
1200 100 
1350 1000 
1200 100 
1350 1000 
1350 1000 
1350  1000 
1350 1000 
1350 1000 
1350 1000 
1350 1000 
1200 100 
1350 1000 
1200 100 
1350  1000 
1350 1000 
1350  1000 
1200 100 
1350 1000 
1200 100 
1350 1000 
Depth of 
A t t ack ,  mils ( a )  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
No At tack  
2 
n 
Weight 1,oss 
mg ('1 
1.5  
1 . 9  
- 
2.6 
2.1 
3.6 
5 .o 
4 .a 
4.7  
7 .a 
6.7 
8 .7  
9.1 
9.1 
a .4 
11.3  - 
11.6 
20.5 
17.6 
19.4 
20 .o 
( a )  I n   t h e  Heat  Affected Zone a d j a c e n t  t o  t h e  weld  nugget 
(b) Specimen  weights, 10-11 grams 
(C)  Complete p e n e t r a t i o n  of 0 .040-inch  thick  sheet   specimen 
B. Bend T e s t s  
The 0.040 i n c h  t h i c k  t a n t a l u m  s h e e t  s p e c i m e n s  were bent  120°  us ing  
a n  a n v i l  w i t h  a r ad ius  o f  0 .0625  inch  (1 .5  t )  t o  q u a l i t a t i v e l y  d o c u m e n t  
t h e  e f f e c t s  01 t h e  NaK e x p o s u r e  o n  b e n d  d u c t i l i t y .  T h e  r e s u l t s  f o r  t h e  
specimens exposed to  NaK f o r  1 0 0  h o u r s  a t  1200°F a r e  shown i n  F i g u r e  8. 
A l l  spec imens  inc lud ing  those  exposed  to  NaK a t  1350°F e x h i b i t e d  d u c t i l e  
behavior .   Cracks  were n o t e d  i n  t h e  h e a t  a f f e c t e d  z o n e  a n d  w e l d  a r e a s  
of t h e  NaK exposed  spec imens  conta in ing  520  ppm o x y g e n  a s  i n d i c a t e d  
i n  F i g u r e  8 f o r  t h e  1200°F exposure  and  Figure  9 f o r  t h e  1350°F exposure  
S imi l a r  spec imens  ben t  i n  the  a s -we lded  cond i t ion  (no t  exposed  to  NaK) 
were u n c r a c k e d .   T h e   c r a c k s   c a n   b e   a t t r i b u t e d   t o   c o r r o s i o n   w h i c h  was 
s u b s e q u e n t l y  d e l i n i a t e d  i n  m e t a l l o g r a p h i c  e x a m i n a t i o n .  
C .  Me ta l log raph ic   Examina t ion  
1. E f f e c t  of OxvEen Concen t r a t ion   i n   Tan ta lum  on   Cor ros ion  
T r a n s v e r s e  s e c t i o n s  o f  t h e  NaK exposed tantalum specimens were 
examined in  the  a s -po l i shed  and  e t ched  cond i t ions  and  compared  wi th  
s i m i l a r  spec imens   which   had   no t   been   exposed   to  NaK. Evidence of c o r -  
r o s i o n  was found  in  t an ta lum spec imens  con ta in ing  270  ppm and  520 ppm 
oxygen  respec t ive ly .   The  maximum d e p t h  of a t t a c k  i n  a n  unwelded 
tan ta lum spec imen conta in ing  520  ppm oxygen was measured to  be approx-  
i m a t e l y  10 mils ( 0 . 0 1 0   i n c h )   a s  shown i n  F i g u r e  10. No c o r r o s i o n  was 
d e t e c t e d  i n  s p e c i m e n s  w i t h  o x y g e n  c o n c e n t r a t i o n s  of 220 ppm o r  less. 
2 .  E f f e c t s  of Welding  and  Welding  Atmosphere  Purity  on t h e  
~ ~~~~~ 
Moruholoav of Corrosion i n  Oxvnen Contaminated Tantalum 
W e l d i n g  c o n t a m i n a t e d  t a n t a l u m  s p e c i m e n s  s i g n i f i c a n t l y  c h a n g e s  t h e  
morphology  of t h e   c o r r o s i o n .   F o r   s p e c i m e n s   c o n t a i n i n g   2 7 0  ppm oxygen, 
co r ros ion  in  the  hea t  a f f ec t ed  zone  and  we ld  a reas  o f  we lded  spec imens  
is abou t  equa l  i n  magn i tude  and  i s  more  seve re  than  base  me ta l  co r ros ion ,  
a s  c a n  b e  s e e n  i n  F i g u r e  11. For   spec imens   conta in ing   520  ppm oxygen, 
c o r r o s i o n  i n  t h e  h e a t  a f f e c t e d  z o n e  i s  less s e v e r e  t h a n  t h a t  i n  t h e  w e l d  
n u g g e t  a s  e x e m p l i f i e d  i n  F i g u r e s  1 2  a n d  13. A t t a c k  i n  t h e  h e a t  a f f e c t e d  
zone was approx ima te ly  8 mils d e e p  a s  shown i n  F i g u r e  1 2 ;  w h e r e a s ,  c o m p l e t e  
p e n e t r a t i o n  i s  e v i d e n c e d   i n   t h e   w e l d   n u g g e t   s e e n   i n   F i g u r e  13. The 
more e x t m s i v e  p e n e t r a t i o n  i n  t h e  w e l d  a r e a  c a n  b e  a t t r i b u t e d  t o  t h e  
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a b C 
Exposed t o  NaK f o r  LOO Hours at  1200'F 
C r a c k s  
e f 9 
d 
As-Welded 
h h 
C 2  
ppm Oxygen i n  ppm A i r  i n  Helium 
Specimen  Specimen  W lding  Atmosphere 
a .  as - r e c d  . 50 
b .  115 50 
C.  270 50 
d .  520 50 
e .  a s - r e c d .  250 
f .  115 250 
8 .  270 250 
I1 . 520 250 
F i g u r e  9. C r a c k s  i n  t h e  Heat Af fec t ed  Zone and Weld Area of an  0.5-Inch 
Wide Welded Tantalum Specimen Containing 520 ppm Oxygen and 
Bent 120° (1.5t)  After  1000 Hours  Exposure to  N a K  a t  135O0F. 
(Orig.  C68013032) Mag: 8X 
Mag: lOOX 
(F320122) 
Mag: 500X 
(F320121) 
Figure 10. Corrosion in Unwelded  Tantalum  Coctaminated  with 520 ppm 
Oxygen and Exposed  to NaK for 1000  Hours at 1350OF. 
Etchant:  30gm NH4F, 50 ml  HN03, 20 ml H 2 0  
20 
Figure 11. Corrosion  in  Tantalum  Specimens  Contaminaced  with 270 ppm 
Oxygen and  Exposed to NaK f o r  1000 Hours at 1350OF. 
Etchant: 30gm NH4F, 50 ml HNO3, 20 ml H20 Mag: 500X 
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Welded i n  Pure Helium 
(F320142) 
Welded i n  Helium & 50 ppm Air Welded i n  Helium & 250 ppm Air 
(F320822) (F320842) 
Figure 12. Corrosion in  the  Heat Affected Zone of Tantalum Specimensbntaminated  with 520 ppm 
Oxygen  Welded  and &posed t o  NaK for 1000 Hours a t  1350'F. 
Etchant: 30gm NH4F, 50 m l  HN03, 20 ml H20 Mag: lOOX 
3: " 
. .  . .  
Welded i n  Pure  H lium Welded i n  Helium & 50 ppm Air Welded i n  Helium & 250 ppm Air 
(F320141)  (F320821)  (F320841) 
Figure 13. Corrosion in the Weld of Tantalum  Specimens  Contaminated with 520 ppm Oxygen,  Welded, 
and Exposed t o  NaK for  1000 Hours a t  1350OF. 
Etchant : 30gm NH4F, 50 ml HNOQ, 20 mo Hz0 Mag: l O O X  
l a r g e  g r a i n  s ize  a n d  t h e  c o n c o m i t a n t  l o n g  t r a n s v e r s e  g r a i n  b o u n d a r i e s  
w h i c h  f a c i l i t a t e  d e e p  p e n e t r a t i o n .  Some g r a i n  b o u n d a r i e s  i n  f a c t  
e x t e n d e d   c o m p l e t e l y   a c r o s s   t h e  0.040 i n c h   t h i c k   s p e c i m e n s .  I t  shou ld  
a l s o  b e  n o t e d  i n  F i g u r e s  1 2  a n d  13 t h a t  u p  t o  250 ppm a i r  c o n t a m i n a t i o n  
in  the  he l ium we ld ing  a tmosphe re  had  no d i s c e r n a b l e  e f f e c t  o n  t h e  e x t e n t  
of c o r r o s i o n  e i t h e r  i n  t h e  w e l d  o r  h e a t  a f f e c t e d  z o n e  a r e a s  o f  t h e  
specimens.  However, i t  s h o u l d   b e   n o t e d   t h a t   t h e  t e s t  was f o r   e x p e r i m e n t a l  
a n n l y s i s  o f  t h e  e i f e c t  of p r o c e d u r e s  t h a t  may h a v e  t o  b e  u s e d  d u e  t o  
s y s t e m  r e s t r a i n t s  a n d  t h a t  w e l d i n g  s h o u l d  n o r m a l l y  b e  a c c o m p l i s h e d  i n  t h e  
b e s t  a t m o s p h e r e  o b t a i n a b l e .  
3 .  E f f e c t s   o f  NaK Temperature  and  Exposure  Time  on  Corrosion of 
Oxygen Contaminated Tantalum 
The depth of a t t a c k  i n  s p e c i m e n s  t h a t  e x h i b i t e d  c o r r o s i o n  a f t e r  
exposure  to  NaK f o r  100 h o u r s  a t  1200°F  was g r e a t e r  t h a n  s i m i l a r  
spec imens   exposed   fo r   1000   hour s   a t  1350°F a s  i n d i c a t e d  i n  T a b l e  111. As 
a n  example ,  exposure  to  NaK a t  1200°F r e s u l t e d  i n  c o m p l e t e  p e n e t r a t i o n  
o f  t h e  h e a t  a f f e c t e d  z o n e  of welded   spec imens   (0 .040   inch   th ick)   conta in-  
ing  520 ppm o x y g e n .  a s  shown i n  F i g u r e  1 4 ;  w h e r e a s  s i m i l a r  s p e c i m e n s  
exposed a t  1350°F were a t t a c k e d  t o  a dep th  o f  on ly  8 mils. 
D.  Microhardness   Measurements   and  Chemical   Analysis  
1. E f f e c t s   o f  NaK Exposure  on  the  Hardness   and  Oxygen  Concentra-  
t i o n  of Unwelded  Oxygen Contaminated Tantalum 
Mic roha rdness  t r ave r ses  were made on  spec imens  be fo re  and  a f t e r  
e x p o s u r e   t o  NaK. N i n e   e q u a l l y   s m c e d   i m p r e s s i o n s  were measured   across  
the   spec imen  th ickness  (0.040 i n c h ) .  No h a r d n e s s   g r a d i e n t s  were observed 
i n  spec imens  before  NaK e x p o s u r e ,  i n d i c a t i n g  t h a t  homogeneous  oxygen 
concent ra t ions   had   been   produced   dur ing   contaminat ion .   Hardness  
i n c r e a s e d  w i t h  i n c r e a s i n g  o x y g e n  c o n c e n t r a t i o n  i n  s p e c i m e n s  u n e x p o s e d  
t o  NaK a s  shown i n  F i g a r e  15. The   hardness   o f   and   oxygen   concent ra t ion  
i n  a11  unwelded  spec imens  was  reduced  to  approximate ly  the  same l e v e l  
a f t e r  e x p o s u r e  to  Nag € o r  1000 h o u r s  a t  1350°F a s  shown i n  T a b l e  I V .  
T h i s  r e d u c t i o n  i n  o x y g e n  c o n c e n t r a t i o n  o c c u r r e d  w i t h o u t  c o r r o s i o n  i n  
spec imens  con ta in ing  less t h a n  270 ppm oxygen  be fo re  exposure  to  NaK. 
T h i s  o x y g e n  d i s s o l u t i o n  o f  r e f r a c t o r y  m e t a l s  by a l k a l i  m e t a l s  h a s  b e e n  
shown by o t h e r  i n v e s t i g a t o r s  t o  o c c u r  s i m i l a r l y  i n  t a n t a l u m  a n d  columbium 
exposed to  lithium('")  and  columbium  exposed t o   p o t a s s i u m  . (8) 
2 4  
I 
Exposed to  NaK for 
100 hrs a t  1200°F 
( E 9 5 1 6 1 F  
Exposed to  NaK for 
1000 hrs a t  1350°F 
( F 3 2 0 8 4 2 7  
Figure  14.  Corrosion  in  the Heat Affected Zone of  Tantalum  Specimens 
Contaminated with 520 ppm Oxygen, Welded i n  Helium Contain- 
ing 250 ppm A i r  and Exposed t o  NaK. 
180 
170 
160 
150 
140 
130 
120 
11a 
1oc 
P 
- 
0 As Contaminated  With  Oxygen 
0 Following  Exposure  to  NaK  all  Specimens 
Had  Essentially  the  Same  Oxygen  Concen- 
tration  and  Hardness 
Oxygen  Concentration,  ppm 
Figure 15. Hardness of Tantalum  as  a  Function of Oxygen  Concentration. 
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TABU3 IV.  OXYGEN CONCENTRATION AND MICROHARDNESS OF UNWELDED 
TANTALUM SPECIMENSEXPOSED TO NaK  FOR 1000 HOURS AT 1350'F. 
Oxygen C o n c e n t r a t i o n ,  ppm ( a )  Microhardness ,  DPH(b) 
Specimen  Before  Exposure  AfterExposure  Before  Exposure  AfterExposure 
As-received 55 3 111 101 
Oxygen Contaminated 115 8 123 102 
Oxygen Contaminated  220 9 135 101 
Oxygen Contaminated  270 
Oxygen Contaminated 520 
7 
1 0  
142 
171 
99 
100 
( a )  Vacuum Fus ion   Ana lys i s .  
(b) Average   of   n ine   equal ly   spaced   impress ions   across   the   spec imen  th ickness   (0 .040- inch) .  
N o  g r a d i e n t s  were i n d i c a t e d .  50 Kg Load 5 0 X  O b j e c t i v e .  
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2 .   E f f e c t s  of Welding  on  the  Hardness   and Oxygen C o n c e n t r a t i o n  of 
Oxvpen Contaminated Tantalum 
a .   B e f o r e  NaK Exposure 
As d e s c r i b e d  p r e v i o u s l y  i n  t h e  m e t a l l o g r a p h i c  e x a m i n a t i o n  
r e su l t s ,  we ld ing  con tamina ted  spec imens  s ign i f i can t ly  changed  the  
morphology  of   the   cor ros ion .   Weld ing   a l so   changes   the   microhardness  
and  chemistry  of   oxygen  contaminated  tantalum  specimens.   WLlding 
reduced  the  oxygen concent ra t ion  of  the  weld  nugget  of  oxygen  contaminated  
s p e c i m e n s  a s  shown i n  t h e  c h e m i c a l  a n a l y s i s  d a t a  p r e s e n t e d  i n  T a b l e  V.  
A l though   t he   da t a  i s  l i m i t e d ,  t h e  r e s u l t s  i n d i c a t e d  a g r e a t e r  p u r i f i c a t i o n  
e f f e c t  o c c u r s  by welding i n  p u r e  h e l i u m  t h a n  i n  h e l i u m  c o n t a i n i n g  250 ppm 
a i r .  I t  was a l s o   n o t e d   t h a t   r e d u c t i o n s   i n   o x y g e n   c o n c e n t r a t i o n   a s  a 
r e s u l t  o f  w e l d i n g  were s m a l l e r  i n  t h e  h e a t  a f f e c t e d  z o n e s  t h a n  i n  t h e  
weld nuggets .  
b .   A f t e r   E x p o s u r e   t o  NaK 
Reduct ions i n  o x y g e n  c o n c e n t r a t i o n  i n  t h e  w e l d  a n d  h e a t  
a f i ' e c t e d  z o n e  a r e a s  a f t e r  NaK exposure were less t h a n  p r e v i o u s l y  
desc r ibed  fo r  unwe lded  spec imens ,  and  the  r educ t ions  were g r e a t e r  i n  
t h e   w e l d   t h a n   i n   t h e   h e a t   a f f e c t e d   z o n e .   T h e   o x y g e n   c o n c e n t r a t i o n s  
a f t e r  N a K  exposure  were h i g h e r  i n  s p e c i m e n s  i n i t i a l l y  c o n t a i n i n g  5 2 0  ppm 
oxygen than i n  s i m i l a r  s p e c i m e n s  c o n t a i n i n g  2 7 0  ppm. 
3 .  E f f e c t s   o f  NaK Temperature  and  Exposure  Time  on  the Oxygen 
Concent ra t ion  and  Microhardness  of  Oxygen Contaminated Tantalum 
The  few tan ta lum spec imens  exposed  to  NaK a t  1200°F f o r  1 0 0  h o u r s  
were u s e d  f o r  t h e  m e t a l l o g r a p h i c  e x a m i n a t i o n  w h i c h  i s  d e s c r i b e d  i n  
S e c t i o n  C 3  o f   t h i s   r e p o r t .  As a r e su l t ,   m ic roha rdness   measu remen t s  were 
employed t o  d e s c r i b e  t h e  o x y g e n  c o n c e n t r a t i o n  i n  t h e s e  s p e c i m e n s ,  knowing 
t h e  r e l a t i o n s h i p  b e t w e e n  h a r d n e s s  a n d  o x y g e n  c o n c e n t r a t i o n  a s  shown 
p r e v i o u s l y   i n   F i g u r e  15. T h e s e   m i c r o h a r d n e s s   r e s u l t s  were compared 
w i t h  s i m i l a r  r e s u l t s  f o r  s p e c i m e n s  e x p o s e d  a t  1350°F for 1000 hours .  
T h e  h a r d n e s s  p r o f i l e s  i n  t h e  h e a t  a f f e c t e d  z o n e s  o f  w e l d e d  t a n t a l u m  
spec imens  con ta in ing  520  ppm oxygen i n  t h e  a s - w e l d e d  c o n d i t i o n  a n d  a f t e r  
e x p o s u r e  t o  NaK i s  shown i n  F i g u r e  1 6 .  T h e  h a r d n e s s  p r o f i l e s  f o r  s p e c i m e n s  
exposed a t  1200°F f o r  100 h o u r s  a n d  f o r  t h o s e  e x p o s e d  a t  1350°F f o r  1 0 0 0  
h o u r s  a r e  i n d i c a t i v e  of o x y g e n  d i f f u s i o n  w i t h i n  t h e  s p e c i m e n s  a n d  s u b s e q u e n t  
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Oxygen Concent r a t  i o n ,  ppm (a) 
Specimen  Before  Exposure  After   Exposure 
As- rece ived  
Oxygen Contaminated 
Osygen Contaminated 
Osygen Contaminated 
Oxygen Contaminated 
Ta + 520 ppm Oxygen 
Welded i n  P u r e  Helium 
Ta + 520 ppm Oxygen 
Welded i n  Helium f 250 ppm A i r  
Ta + 270 pprn Oxygen 
Welded i n  P u r e  H e l i u m  
Ta + 270 ppm Oxygen 
Welded i n  Helium + 250 ppm A i r  
Weld Nugget 
Heat Affec ted  Zone  
Weld Nugget 
Heat Affec ted  Zone  
Weld Nugget 
Heat Affec ted  Zone  
Weld Nugget 
Heat Affec ted  Zone  
55 
115 
220 
270 
520 
456 
495 
500 
525 
250 
260 
3 
0 
9 
7 
10 
48 
67 
60 
70 
24 
35 
22 
24 
(a) Vacuum F u s i o n   d u p l i c a t e   a n a l y s i s   a v e r a g e d .  
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Figure  16 .  Mic roha rdness   P ro f i l e s   i n   t he   Hea t   Af fec t ed   Zones  of Welded 
Tantalum Specimens Containing 520 ppm Oxygen Before and 
Af te r  Exposure  to  NaK.  
II I 
d i s s o l u t i o n  o c c u r r i n g  a t  t h e  tantalum-NaK i n t e r f a c e  a n d  a r e  a l s o  
c o n s i s t a n t  w i t h  t h e  o b s e r v e d  d i f f e r e n c e s  i n  t h e  e x t e n t  o f  c o r r o s i o n  i n  
those Specimens.  During NaK exposure  of t an ta lum  spec imens   con ta in ing  
over  270  ppm oxygen two processes  occur  s imul taneous ly ,  namely ,  (1)  oxygen  
d i s s o l u t i o n   a n d   ( 2 )   c o r r o s i o n   a l o n g   g r a i n   b o u n d a r i e s   a n d   c r y s t a l l o -  
g r a p h i c  p l a n e s .  Oxygen d i f f u s i o n  i n  t h e  t a n t a l u m  a n d  c o n c o m i t a n t  o x y g e n  
d i s s o l u t i o n   a r e   s t r o n g l y   t e m p e r a t u r e   d e p e n d e n t .  A t  h i g h   t e m p e r a t u r e ,  
o x y g e n  d i f f u s i o n  a n d  d i s s o l u t i o n  c a n  o c c u r  a t  a f a s t  enough r a t e  t o  
r e d u c e  t h e  o x y g e n  c o n c e n t r a t i o n  i n  t h e  t a n t a l u m  r e g i o n  a h e a d  o f  t h e  
a d v a n c i n g  c o r r o s i o n  t o  a v a l u e  b e l o w  t h a t  n e c e s s a r y  f o r  c o r r o s i o n  to  
o c c u r ,  t h e r e b y  p r e v e n t i n g  c o r r o s i o n  f r o m  p r o g r e s s i n g  v e r y  d e e p l y  i n t o  
t h e  s p e c i m e n s .   T h i s   e f f e c t  was obse rved   i n   t he   we lded   t an t a lum  spec imens  
con ta in ing  520  ppm oxygen exposed a t  1350°F f o r  1000 hours  where  the  
d e p t h   o f   a t t a c k   i n   t h e   h e a t   a f f e c t e d   z o n e   w a s  l i m i t e d  t o  8 m i l s .  I n  
s i m i l a r   s p e c i m e n s   e x p o s e d   a t   1 2 0 0  F f o r  1 0 0  h o u r s ,  t h e  o x y g e n  d i f f u s i o n  
a n d  d i s s o l u t i o n  r a t e  was n o t  s u f f i c i e n t l y  h i g h  t o  lower the oxygen 
c o n c e n t r a t i o n  b e l o w  t h a t  n e c e s s a r y  f o r  c o r r o s i o n  t o  occur  and  comple te  
p e n e t r a t i o n  of t h e  0.040 inch  th i ck  spec imens  was  obse rved .  
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I X .  OBSERVATIONS 
The oxygen contaminated  tan ta lum spec imens  exposed  t o  NaK i n  t h i s  
s tudy  were p r e p a r e d  i n  a manner to  produce  homogeneous  oxygen  concentra- 
t i o n s  a n d  t h e r e b y  f a c i l i t a t e  t h e  d e t e r m i n a t i o n  of the oxygen concentra-  
t i o n  - c o r r o s i o n  r e l a t i o n s h i p s .  However, i n  t h e  b o i l e r ,  t h e  I D  s i d e   o f  
t h e  0.040 i n c h  w a l l  t a n t a l u m  t u b e  i s  exposed  to  poss ib le  oxygen  contamina-  
t ion   whereas  the  OD i s  i n  c o n t a c t  w i t h  s t a t i c  NaK. Corros ion   would   occur  
i f  the  t a n t a l u m  a t  t h e  OD s u r f a c e  i n  c o n t a c t  w i t h  NaK reaches an oxygen 
c o n c e n t r a t i o n  of 270 pprn o r  g r e a t e r .  However, i f  t h e  oxygen   concen t r a t ion  
i n  t h e  ta .ntalum i s  below t h i s  l e v e l  a t  t h e  s t a r t ,  a 270 ppm oxygen 
c o n c e n t r a t i o n  c a n  o n l y  b e  r e a c h e d  by d i f f u s i o n  of oxygen  from t h e  I D  t o  
the  OD. R e s u l t s  of t h e  Ta-NaK c a p s u l e  tests have shown  oxygen d i s s o l u t i o n  
w i l l  o c c u r  a t  t h e  tantalum-NaK s u r f a c e  w i t h o u t  c o r r o s i o n  i f  t h e  c o n c e n t r a -  
t i o n  i s  below 270 ppm. C a l c u l a t i o n s  i n d i c a t e  t he  d i f f u s i o n  r a t e  of  oxygen 
in tantalum a t  1350°F i s  low  and t h e  d i s s o i u t i o n  of  oxygen a t  t h e  t a n t a l u m  
NaK i n t e r f a c e  may m a i n t a i n  t h e  o x y g e n  c o n c e n t r a t i o n  b e l o w  t h e  t h r e s h o l d  
l e \ . e l  f o r  c o r r o s i o n .  
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